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Abstract 

Background: Many children witli astlnma do not liave sufficient asthma control, which leads to increased 
healthcare costs and productivity loss of parents. One of the causative factors are adherence problems. Effective 
interventions improving medication adherence may therefore improve asthma control and reduce costs. 
A promising solution is sending real time text-messages via the mobile phone network, when a medicine is about 
to be forgotten. As the effect of real time text-messages in children with asthma is unknown, the primary aim of 
this study is to determine the effect of a Real Time Medication Monitoring system (RTMM) with text-messages on 
adherence to inhaled corticosteroids (ICS). The secondary objective is to study the effects of RTMM on asthma 
control, quality of life and cost-effectiveness of treatment. 

Methods: A multicenter, randomized controlled trial involving 220 children (4-11 years) using ICS for asthma. 
All children receive an RTMM-device for one year, which registers time and date of ICS doses. Children in the 
intervention group also receive tailored text-messages, sent only when a dose is at risk of omission. Primary 
outcome measure is the proportion of ICS dosages taken within the individually predefined time-interval. 
Secondary outcome measures include asthma control (monthly Asthma Control Tests), asthma exacerbations, 
healthcare use (collected from hospital records, patient reports and pharmacy record data), and disease-specific 
quality of life (PAQLQ questionnaire). Parental and children's acceptance of RTMM is evaluated with online focus 
groups and patient questionnaires. An economic evaluation is performed adopting a societal perspective, including 
relevant healthcare costs and parental productivity loss. Furthermore, a decision-analytic model is developed in 
which different levels of adherence are associated with clinical and financial outcomes. Also, sensitivity analyses are 
carried out on different price levels for RTMM. 

Discussion: If RTMM with tailored text-message reminders proves to be effective, this technique can be used in 
daily practice, which would support children with suboptimal adherence in their asthma (self)management and in 
achieving better asthma control and better quality of life. 

Trial registration: Netherlands Trial Register NTR2583. 

Keywords: Real-time medication monitoring. Text-message reminders. Medication adherence. Inhaled 
corticosteroids. Children, Asthma 
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Background 

Asthma is the most common chronic childhood disease 
in industriahsed countries and its prevalence has been 
increasing in the past years [1,2]. As in adults, asthma in 
children is associated with more hospitalisations, a de- 
creased quality of life [3,4] and a substantial economic 
burden [5]. Children themselves report several negative 
consequences of asthma: feeling ill, limitations in peer 
interactions and medication annoyances [6]. Other prob- 
lems include limited sports participation and school at- 
tendance [7]. These phenomena indicate that many 
children do not have sufficient asthma control, in spite 
of the availability of effective maintenance therapy in the 
form of inhalation corticosteroids (ICS). In a Dutch 
study 55% of the children with doctor-diagnosed asthma 
had insufficient control [8]. Poor adherence to ICS is an 
important risk factor for insufficient asthma control 
[9,10]. Studies show that adherence to ICS ranges from 
40 to 70% [11-17]. 

The disruptive effect of non-adherence on asthma 
treatment implies that solutions are needed for improv- 
ing adherence. Up to now, many interventions focus on 
education of parents and children. Review studies show 
that such educational interventions can result in a lower 
risk of hospital admissions but the effect on other outcomes 
is less clear [18,19]. A meta review on adherence showed 
that although education seems plausible for explaining 
adherence, the effects of educational interventions aimed to 
improve adherence were yet unclear [20]. A promising, 
yet complex, approach is to combine several interventions, 
e.g. improving the patient-doctor relationship, training the 
doctor's communication skills and simplifying asthma med- 
ication [21]. 

Lately, information and communication technology 
(ICT)-solutions have been proposed to improve adherence 
and their effectiveness has been shown [22-24]. Examples 
are internet-based monitoring of asthma symptoms [25] 
and audiovisual reminding to take asthma medication [26]. 
Reminding patients through the sending of text-messages is 
a simple method with low intrusiveness and relatively low 
costs [27]. Text- message reminding might be especially 
suitable for unintentionally non-adherent patients, e.g. pa- 
tients who forget to take their medication [28] . Several sys- 
tematic reviews have shown that text-messaging is effective 
in the improvement of health outcomes or in changing 
health behaviour [24,29,30]. Examples include improved 
blood glucose levels in obese type 2 diabetes patients [31], 
higher level of physical activity [32], higher smoking cessa- 
tion rates [33,34] and improved self-efficacy in young pa- 
tients with diabetes type 1 [35]. In adult asthma patients 
positive results of daily text-message alerts have been 
reported as well: adherence to inhaler medication was 18% 
higher in patients receiving a 12 week intervention with 
text-message reminders [36]. 



A concern with repetitive sending of text-messages be- 
fore every intake may be that patients get accustomed to 
receiving reminders leading to wearing-off of the adher- 
ence improving effect. To avoid this "alert-fatigue", a 
more sophisticated approach is needed for optimal and 
enduring adherence improvement. Such an approach 
may consist of sending time-tailored text-message re- 
minders that are sent only if a drug dose is at risk of 
omission. This technique needs the use of Real Time 
Medication Monitoring (RTMM), which is an adaptation 
of the Medication Event Monitoring System (MEMS). 
Like MEMS, RTMM uses an electronic medication dis- 
penser that records the date and time the dispenser is 
opened. MEMS has proven to provide objective and reli- 
able data of adherence and it has been used to measure 
medication adherence of various patient populations 
[37,38]. RTMM delivers the same type of data but, as 
opposed to MEMS, RTMM registers medication intake 
data in real time at a central data-server. This real time 
information is directly available, which enables sending 
text-messages to patients who are at risk of missing a 
dose of their medication. 

The effect of sending time-tailored text-messages has 
not been studied extensively before. One randomized 
controlled trial for oral medication in adult diabetic pa- 
tients has shown RTMM to be effective [39]. Also, pre- 
liminary results of a study in HIV-infected adults using 
RTMM show that patients receiving tailored text-message 
reminders improve adherence to antiretroviral therapy 
as well as rates of viral suppression [40]. The application 
of RTMM in children using inhalation medication has 
not been studied before and therefore needs further inves- 
tigation. Since enhancement of inhalation therapy with 
RTMM is still an innovative and expensive technique, 
RTMM equipment and software are only available for re- 
search purposes. Before this technique can be further de- 
veloped into a design suitable for regular care, more data 
are needed on cost-effectiveness and patient acceptance. 

Therefore, in this study we investigate the impact of 
RTMM with time-tailored text-message reminding on ad- 
herence to ICS in children with asthma. Secondary aim is 
to determine the effect of RTMM on asthma-control. Fi- 
nally, cost-effectiveness and patient acceptance of RTMM 
are studied. 

Methods/design 

Design 

This study is a one year, multicenter, randomized con- 
trolled trial in children who use ICS for asthma. All chil- 
dren receive an RTMM-device which registers time and 
date of administered ICS doses. Children in the inter- 
vention group receive "time-tailored" text-messages that 
are only sent when a dose is at risk of omission. Patients 
in the control group do not receive such text-messages. 
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Ethical approval 

The medical ethics committee of the Erasmus Medical 
Center has approved the study protocol (protocol number 
MEC-2011-143, Netherlands Trial Registry code NTR2583, 
www.trialregister.nl) . 

Study data are coded in order to guarantee privacy of 
participants. Before entering the study, all participants 
are asked for written informed consent. 

Participants 

Patients are recruited from five outpatient clinics in the 
Netherlands: St Lucas Andreas Hospital, Academic Medical 
Center, BovenlJ Hospital (all in Amsterdam), Erasmus MC 
(in Rotterdam) and Groene Hart Ziekenhuis (in Gouda). 
The inclusion criteria for participants are: 

• Age at start of the study is 4 to 11 years. Children 
aged 12 years or older tend to show a more individual 
medication behaviour, with a smaller role for parents 
compared to younger children. Also, the Asthma 
Control Test, a questionnaire for measuring asthma 
control, was only validated for children aged 4 toll 
years [41,42]. 

• Doctor diagnosed asthma for at least six months. This 
criterion aims to exclude patients with transient 
wheezing e.g. due to viral respiratory tract infections. 
Shortly after the diagnosis of asthma, patients may also 
be better motivated for treatment than in later stages of 
their disease. That is why we have chosen to aim for 
patients with chronic asthma. These are also the 
patients who are on maintenance therapy with ICS. 

• ICS use for at least three months. In the first period of 
ICS use, adherence rates may be higher than normal. 
Therefore, only patients with chronic ICS use are 
included [10]. 

• Use of a pressurized metered dose inhaler {pMDI). 
The RTMM-devices used for electronic adherence 
measurement are only compatible with pMDIs. 
Children using ICS with nebulizers or dry powder 
inhalers can therefore not be included. 

• Use of fluticasone, fluticasone! salmeterol or 
beclomethasone. The experimental RTMM-devices have 
been developed to accommodate only fluticasone 
(Flixotide " ), fluticasone/salmeterol (Seretide") or 
beclomethasone (QVAR®) inhalers. Children using 
other types of ICS can therefore not be included. 
Unless clinically indicated, childrens' asthma medication 
will not be changed to fit this inclusion criterium. 

• At least one parenti caregiver has a mobile phone. In 
the intervention group real-time text-message 
reminders are sent via the mobile telephone network. 
Also, alerts for low battery status of the RTMM-devices 
are automatically communicated with text-message 
reminders. 



We aim to include 44 children per hospital into the 
study. From the hospital administrations of each partici- 
pating hospital, records are randomly selected of chil- 
dren aged 4-11 years and diagnosed with asthma at 
least 6 months ago. After verification of the other inclu- 
sion criteria, a patient information leaflet is handed out 
or sent to the parents of the potential participants. Par- 
ents are contacted and invited to visit the paediatric out- 
patient department for an intake interview. In case of 
participation, at least one of the childs' parents has to 
give written informed consent. If a hospital is unable to 
include the required number of patients, they will be 
recruited from one of the other participating hospitals. 

Children are randomly assigned to the intervention 
group or the control group. We use block randomization 
per hospital with blocks of 16 patients. Initially, physi- 
cians, researchers, and patients are blinded for random- 
isation. However, randomisation is unblinded after start 
of the study period, when patients find out whether they 
receive text-message reminders or not. 

A flowchart of patient selection, randomisation and 
data collection is shown in Figure 1. 

Intervention 

All children, both in the intervention and in the control 
group, receive an RTMM device for one year. ICS inhala- 
tions are registered by the RTMM-device which operates 
as follows: each time the pMDI is fired a data message 
containing patient-identification and time and date of ad- 
ministration is sent to the study database using the mobile 
telephone network. In order to prevent incomplete regis- 
tration caused by insufficient network connection, the 
RTMM-device is designed to use two different networks: 
the mobile data-network and the regular mobile telephone 
network. If both networks are unavailable at the time of 

( \ 

Selection of patient records from hospital database: 

• children aged 4-12 

• doctor diagnosed asthma for > 6 months 

, i , 

Verification of inclusion criteria: 

• ICS use (fluticasone, fluticasone/ salmeterol or 
beclomethasone) for > 3 months 

• administration with a pressurized metered dose inhaler (pMDI) 

• > 1 of the parents has a mobile telephone 

I 

I Invitation of potential participants | 

, [ , 

Informed consent 

1 

Inclusion and randomisation 
Start of follow up 
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Figure 1 Patient section. 
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inhalation, a data message is prepared for sending at a 
later moment. 

Only in the intervention group, time-tailored text- 
message reminders are sent to the parents and, if the 
child has a mobile phone, also to the child, in order to 
warn that a dose is at risk of being forgotten. Parents 
and children are not always together, for example if chil- 
dren are at school. As such, there may be a problem if 
the child has missed its dose and is already at school when 
the text-message is received by its parents. In that case, par- 
ents will not be able to verify if the child takes its medica- 
tion. To ensure that text-messages are sent before the child 
goes to school (morning dose) or to bed (evening dose), a 
text-message is sent automatically if no ICS dose has been 
registered within 15 minutes after the planned time of in- 
halation. Such a short time interval may be less important 
when children are not at school, for example during week- 
ends. For that reason, time intervals are individually defined 
('time-tailored') for each patient for each day of the week. 
This is also thought to improve patient-acceptance of 
RTMM, reducing the so called "alert fatigue". 

Patients in the intervention group who live in an area 
with a very poor mobile network connection may occa- 
sionally receive an unnecessary text-message reminder if 
an ICS administration can not be reported to the RTMM- 
database in time. When the RTMM-network connection is 
re-established, the data message is sent. This phenomenon 
is closely monitored during the study period. 

Data collection 
Outcome measures 

The primary outcome measure is adherence to ICS, de- 
fined as the proportion of all prescribed dosages taken 
by the child within a six hour time-frame around the 
planned time of inhalation, i.e. from 3 hours before until 
3 hours after. This is a common measure for twice daily 
dosing regimens [43-46] . In addition, we will look at other 
time-frames, missed doses and extra doses. These data are 
calculated from the RTMM data on ICS use, which are 
collected as described earlier in the "intervention"-section. 

Secondary outcome measures are asthma control, fre- 
quency of asthma exacerbations, disease specific quality 
of life, healthcare use for asthma and school/work ab- 
sence. These data are also used for calculation of the 
cost effectiveness of RTMM in children with asthma. 

Asthma control is measured in several ways. The child- 
hood Asthma Control Test (ACT) is filled out each month 
during the entire study in order to avoid seasonal differ- 
ences [47]. The ACT is a questionnaire validated for chil- 
dren aged 4-11 years [41,42]. The ACT is a simple 7-item 
questionnaire, which has been shown to be useful in the 
detection of poorly controlled asthma. The ACT-score is 
calculated by adding the scores of all items; the ACT- 
score ranges from 0 to 27. The cut-off score is 19 points: 



19 points or less means uncontrolled asthma, 20 points or 
more means controlled asthma. The ACT can also be used 
for measuring changes in asthma control. The minimally 
important difference between consecutive ACT scores is 
3 points [48]: if two consecutive ACT-scores differ three 
points or more, the improvement or deterioration of 
asthma control is substantial and clinically relevant. In this 
study, asthma control is also measured using the frequency 
of asthma exacerbations and healthcare use. Pharmacy rec- 
ord data retrieved from the community pharmacy, are 
checked once at the end of the study period for high dose, 
short term oral corticosteroid use indicating asthma exac- 
erbations. These pharmacy record data are also screened 
for new prescriptions of asthma medication, indicating a 
recent visit to a physician. Finally, the pharmacy record 
data are used to calculate medication costs. 

Apart from screening pharmacy record data, healthcare 
use is also collected at the start and end of the study period 
by screening patient records and the hospital administra- 
tion for visits to the outpatient clinic and for hospital ad- 
missions. Healthcare use and asthma related absence from 
school (child) or work (parent) are also assessed in a patient 
interview every 3 months. Asthma-specific quality of life is 
assessed by filling the standardized Paediatric Asthma 
Quality of Life Questionnaire (containing 23 items with a 
7 point scale per item) (PAQLQ(S)) at the beginning 
and end of the study period [49]. The domains 
include activities, asthma symptoms and emotional 
function. The PAQLQ score ranges from 1 to 7 and 
is calculated as the average score of all items in a specific 
domain as well as an overall score. The PAQLQ can also be 
used to measure changes in quality of life. The minimally 
important difference in consecutive PAQLQ scores is 0.5. 
This is the minimum difference between two consecutive 
PAQLQ-scores that should be interpreted as a relevant 
improvement or deterioration of asthma-specific quality of 
life. A difference of 1 point indicates a moderate change 
and 1.5 is considered a large change [50]. 

Co-variables 

We collect data on several factors that may be associated 
with adherence to medication, including age, gender, eth- 
nicity (country of birth of child and parents), type of ICS 
(fluticasone, fluticasone/salmeterol or beclomethasone), 
ICS -dose, dosing frequency of ICS, type of asthma related 
co-medication (betasympathicomimetics, antihistaminergic 
agents, decongestives, antibiotics etc.), use of a spacer, 
parental level of education, parental Dutch language skills 
(assessed by investigators on a 5 point scale), smoking 
habits of parents (at home), family stability (child lives 
with both parents together / only with mother / only with 
father / both parents alternatively) [9], family income, pro- 
fessional occupation of parents, pets, mutations of asthma 
medication during the study period, existing spirometry 
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data (from the past 3 months) and the occurrence of 
adverse events. Parental medication beliefs are measured 
using the Beliefs about Medicines Questionnaire Specific 
(BMQ Specific). This contains a scale for beliefs in the 
necessity of ICS and one for concerns about long term 
toxicity and disruptive effects of ICS. Both scales range 
from 5 to 25, with higher scores indicating stronger beliefs 
[51,52]. The data are collected from medical records 
at the beginning and end of the study period. In 
addition, at the beginning and end of the study period, and 
each 3 months in between, parents are interviewed by 
research assistants for collection of relevant data that can- 
not be extracted from medical records or questionnaires. 
Research assistants are trained by the research team before 
taking patient interviews. 

Acceptance of RTMM 

Since this study is an early evaluation of a medical 
innovation, we will pay special attention to the accep- 
tance of RTMM using online focus groups (OFGs). These 
OFG discussions provide a convenient and comfortable 
way of joining group discussions and enable dialogue be- 
tween participants who may not otherwise have spoken 
with each other. Discussions in computer-based focus 
groups produce the same quantity and quality of informa- 
tion obtained from face-to-face focus groups and are 
equally enjoyed by participants [53]. An additional advan- 
tage of OFGs is the larger contribution of less talkative 
participants in the discussion. The method also allows 
participants to join the discussion from their home and at 



a convenient time. OFGs are cost- and time-efficient due 
to the automatic and accurate capture of the discussion 
data. Children's familiarity with the internet further pleads 
in favour of this methodology in our study. The OFGs are 
conducted following recently developed guidelines for on- 
line data collection [54]. 

In this study the OFGs are used to assess factors that 
would positively or negatively influence acceptance of 
RTMM and to capture more detailed information on 
how children and parents manage RTMM use. Eight 
children in the intervention group aged 9-11 years are 
asked to participate in an OFG. For younger children, 
eight parents are asked to participate in an OFG. Thus, 
two focus groups are created: one for children and one 
for parents. Participants are asked to respond anonym- 
ously to questions introduced by the researcher and to 
each others' comments. Questions concern participants' 
views on the usefulness and acceptability of specific 
components of the intervention. The researcher acts as 
moderator by regularly checking the postings and by 
asking additional questions to clarify participants' views. 
The OFGs are carried out in the second half of the 
follow-up period. Table 1 provides a chronologic over- 
view of all data that are collected in this study. 

Data monitoring 

Data are initially collected on a case report form (CRF) 
and on questionnaires (hard copy). After each patient 
interview data are manually copied to a digital CRF. Data 
entry errors are minimized by using multiple choice 



Table 1 Collection of outcome measures and co-variables in chronologic order 



Elapsed time since inclusion (months) 

Study visit/patient interview 

Registry of patient characteristics 

Adiierence to iCS (continuous Real 
Time Medication Monitoring, RTMM) 

Astlnma control in past month 
(Asthma Control Test, ACO 

Asthma control in past 3 months 
(collecting spirometry data) 

Collecting data on healthcare use and 
school/work absence in the past 3 months 

Collecting number of visits and admissions 
to hospital for asthma in the past 12 months 

Screening public pharmacy dispensing data 
from the past 12 months (measuring asthma 
control, healthcare use and medication costs) 

Medication Beliefs (Beliefs about 
Medicines Questionnaire.BMQ) 

Asthma specific quality of life in 
past week (PAQLQ) 

Patient acceptance of RTMM 
(Online Focus Groups, OFGs) 



8 9 

X 

X X 
X X 
X 
X 



10 11 



X X 



12 

X 

X 
X 
X 
X 
X 
X 

X 
X 

X 
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options and fixed data fields. At the end of the study 10% 
of entered data are checked by a second person. If data 
entry errors are found, additional portions of 10% of the 
data are checked until no errors are found within a por- 
tion. Also, a periodic back-up of the study database of 
each hospital is made and checked for missing data. Ac- 
cess to the research databases is secured by passwords. 
Changing the format of the study documentation or study 
databases is restricted to the primary investigator. New 
versions are distributed from the central study location. 

Data analysis 

The sample size calculation was based on the primary 
outcome measure: adherence to ICS. We use the adher- 
ence data from our observational study [15] in which ad- 
herence to ICS was electronically measured with RTMM 
in children (<12 years old) with asthma. In this dataset, 
4 subgroups with different adherence patterns could be 
distinguished: patients with very poor adherence (<5%), 
poor adherence (mean 34%), good adherence (mean 
78%) and excellent adherence (>95%). We assumed that 
patients with very poor adherence would not show any 
relevant improvement, since it is likely that they deliber- 
ately stopped taking ICS. The adherence rate in this 
group is not likely to be improved by the text-message 
intervention. The group with excellent adherence is also 
not expected to show improvement, since adherence is 
already nearly 100%. Adherence in both intermediate 
groups (poor, good adherence) is expected to improve 
by 10-15%. This estimated effect size was based on an 
adherence improvement reported in a systematic review 
on the effect of (non-tailored) reminder systems on patient 
adherence to treatment [55]. Since the time-tailored text- 
message reminders used in our study are considered 
potentially more effective, we estimated the improvement 
at 15%. 

Using these assumptions, we have simulated the ad- 
herence data of the control and treatment groups. Since 
the four adherence subgroups cannot be analyzed in one 
single regression model, we used a mixture of regressions 
("mixture model") in order to assess the effect of the inter- 
vention. We also calculated levels of statistical power at 
different group sizes. Requiring a power of at least 0.8 and 
assuming an adherence improvement of 15%, we calcu- 
lated that a group size of 110 per arm is needed to detect 
the expected difference. Data analysis is based on an 
intention-to-treat principle. All patients with a follow-up 
of at least three months, regardless of whether they actu- 
ally finish the intervention, are included in the analysis. 
The two groups are compared for baseline characteristics. 
Co-variables that may influence adherence levels, and 
therefore may confound the effect of the text-message 
intervention on adherence, are added to the multivariable 
model. In addition, a sensitivity analysis is carried out 



using a per-protocol approach. In this analysis the effect is 
studies of patients who complete less than three months 
of follow-up and of patients who appear to have stopped 
using ICS early in follow-up (less than 1% of total pre- 
scribed inhalations are administered during the complete 
follow-up). Data are analysed with SPSS for Windows. 

For calculation of the cost-effectiveness a prospective 
economic evaluation from a societal perspective is per- 
formed alongside the clinical trial. The one-year costs of 
all relevant health care utilization are included as well 
the direct non-healthcare costs and the costs of produc- 
tivity losses when parent stay home to take care of their 
children. Costs will be related to adherence, asthma con- 
trol and asthma- specific quality of life to calculate the 
following incremental cost-effectiveness ratios (ICERs): 

1. Costs per 10% improvement in adherence 

2. Costs per additional patient with minimal clinically 
important improvement in asthma control 

3. Costs per additional patient with the minimal 
clinically important improvement in asthma quality 
of life. The uncertainty around the ICERs will be 
displayed on cost effectiveness-planes and cost- 
effectiveness acceptability curves. 

Subsequently, a decision-analytic model is developed 
that includes different levels or forms of adherence and 
the outcomes, both clinical and costs, attributed to each 
level or form of adherence as well as different price 
levels for RTMM. For the base-case, this model is filled 
with estimates of the relationship between adherence on 
the one hand and asthma control, symptoms, exacerba- 
tions, quality of life and healthcare utilization on the 
other hand. These estimates are obtained from the clin- 
ical trial, where potential associations between adher- 
ence and outcomes are studied. This model is used to 
run extensive one-way and multivariate sensitivity ana- 
lyses to simulate the anticipated benefits of improved 
adherence in terms of health outcomes and costs. 

Discussion 

We designed a randomised controlled trial in children 
aged 4 to 11 using inhaled corticosteroids (ICS) for asthma. 
We will investigate the clinical and cost effectiveness of 
an intervention with Real Time Medication Monitoring 
(RTMM) with text-message reminders. Medication taking 
behaviour is monitored on a real-time basis, enabling im- 
mediate patient feedback through "time-tailored" text- 
message reminders that are only sent if the ICS is at risk 
of omission. 

In this study, RTMM with text-message reminders is 
used as an adherence improving intervention. Three cat- 
egories of adherence-enhancing strategies have been de- 
fined: enabling, consequence and stimulant [56]. Enabling 
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Strategies arm patients with the tools necessary for adher- 
ence, e.g. patient education and simplified medication reg- 
imens. Consequence strategies aim to reinforce adherence 
by providing incentives for acceptable adherence, e.g. ins- 
tructing patients to maintain records of pUl-taking or hav- 
ing patients monitor blood pressure at home. Stimulant 
strategies are aimed at prompting dose-taking. The RTMM 
with text-message reminders used in this study, is a stimu- 
lant strategy and therefore primarily targets unintentional 
non-adherence, e.g. forgetting to take a dose. This could 
limit the expected effect of our intervention, since adher- 
ence to ICS may also be influenced by intentional factors, 
like illness perceptions (perceived susceptibility and sever- 
ity of the disease), the perceived benefits of treatment 
and theoretical barriers to treatment (e.g. concerns about 
(potential) side effects) [57]. However, RTMM with text- 
message reminders may also diminish intentional non- 
adherence by providing patients with feedback, while 
appealing to a desire to appear adherent when use is scruti- 
nized by an outside party [55]. Receiving information that 
an inhalation is about to be missed, may also enable pa- 
tients to adjust their medication taking behaviour, thus im- 
proving self-efficacy and asthma related quality of life [58] . 

Strengths and limitations 

A strength of this study is the use of RTMM as an ob- 
jective and reliable method for adherence measurement. 
This method provides minimal room for bias, e.g. by so- 
cially acceptable patient response (patient self-report), 
misjudgement of patient behaviour (adherence question- 
naires) and overestimation of adherence based on phar- 
macy refill data (refill rate, persistence) [13,59,60]. The 
RTMM device has been designed as a small add-on to 
the ICS inhaler. Since it does not need to be carried sep- 
arately, it provides a patient-friendly way of measuring 
and stimulating adherence to ICS. This multi-centre 
study is the first to investigate RTMM with text-message 
reminders in a large sample of children with asthma. It 
is also the first to study the cost-effectiveness of RTMM 
in asthma. More data on cost-effectiveness are needed 
since the costs of this innovative technique are still sub- 
stantial (approximately €750,= per patient per year) and 
are keeping physicians from using it in daily clinical 
practice. Health insurance companies also require more 
data on cost-effectiveness before covering costs for ap- 
plying RTMM in asthma therapy. 

Although electronic monitoring such as Real Time 
Medication Monitoring is considered more sensitive for 
measuring non-adherence than other, subjective tools 
for adherence measurement [13,61,62] the actual adher- 
ence to ICS may still be overestimated. All participating 
patients are aware that they are being observed, so they 
may act more adherent than in average daily practice. A 
common critique of electronic medication monitoring 



based on the time and date the inhaler is fired, is that it 
cannot be confirmed that the medication is actually 
taken. Only drug assays can confirm ingestion. However, 
studies comparing the sequence of medication events 
with projected and periodically measured concentrations 
of the drug in plasma, confirmed the validity of medica- 
tion event monitors. Mismatches between medication 
events and actual dosing were too rare to create substan- 
tial differences between projected and actual concentra- 
tions of the drug in plasma [63-66]. Another concern 
with adherence measurement of ICS is the fact that reg- 
istered doses may not have been administered correctly 
due to poor inhalation technique. This may have a nega- 
tive influence on the effectiveness of ICS therapy [67] 
and therefore on asthma related quality of life and on pa- 
tients' motivation to adhere to therapy. This phenomenon 
is considered evenly distributed within intervention and 
control group, so we expect that the effect on the outcome 
measures adherence to ICS and "asthma control" is lim- 
ited. A potential limitation of this study is the high quan- 
tity of outcome-measures and co-variables (Table 1). This 
may provoke partial non-response, leading to missing data. 
Another concern is the fact that both children using 
fluticasone and those using a combination of fluticasone 
and the long acting beta-agonist salmeterol are included 
into this study. It is well known that co-inhalation of a 
long acting beta-agonist causes bronchodUatation resulting 
in a relief from asthmatic symptoms. This may be reward- 
ing for the asthma patient, possibly resulting in a better 
adherence. Besides, patients needing a combination of 
fluticasone and salmeterol may have more severe asthma 
than those who's symptoms can be sufficiently controlled 
by ICS alone and may therefore be better motivated to 
adhere to their asthma therapy. To overcome this limita- 
tion we collect data on the type of ICS (fluticasone or 
fluticasone/salmeterol) as a co-variable, which enables us 
to include it as a confounder in the multi-variable analysis 
or to perform stratified analysis. 

One of the inclusion criteria of this study is the use of 
ICS for at least three months. This is verified by checking 
medical records and by asking potential participants 
which drugs are used for asthma. This procedure, how- 
ever, does not account for patients who have stopped 
using ICS without consulting a physician. If a part of the 
patients that are not included for not using an ICS still 
had an indication for taking ICS, they have a 0% adher- 
ence rate. Patients who, on the other hand, are included 
into the study, but in fact already have stopped using ICS, 
also have a 0% adherence rate. Since these phenomena are 
expected to be equally distributed among patients in the 
intervention and control group, the only potentially rele- 
vant effect is a decrease in statistical power. In order to 
quantify the effect of the latter (patients, who stopped 
using ICS but still enter the study) a sensitivity analysis is 
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carried out in which the patients who took less than 1% of 
prescribed doses are excluded. 

It is expected that RTMM has most value in patients 
with therapy resistant poor asthma control. In daily prac- 
tice, it is often unclear whether the prescribed asthma 
treatment is suboptimal (e.g. dose is too low, inconvenient 
inhaler) or the treatment is adequate, but the patient does 
not adhere to it. In the current study, however, we have 
chosen not to mal<e a pre-selection of patients with poor 
asthma control or (suspected) non-adherence. Instead, 
asthma control is measured during the entire follow up, 
which enables us to investigate if poor asthma control 
at baseline is associated with response to the RTMM 
intervention. 

It is crucial for correct sending of text-messages and 
for correct adherence measurement that any changes in 
mobile telephone (used for receiving text-message re- 
minders), ICS dose, ICS dosing frequency and type of ICS, 
is correct at any moment during the study period. To en- 
sure this, patients are requested to inform the investiga- 
tors about any relevant changes. In addition these data are 
verified in the patient interview each three months of 
the study period. If RTMM-devices are detected that have 
not been actuated for more than a month, patients are 
contacted once to check for technical failures. This inter- 
vention is documented. 

The trial-based cost-effectiveness analysis proposed here 
aims to explicitly estimate the cost-effectiveness of RTMM. 
However, at this early stage of development of RTMM with 
text-message alerting, adherence in stead of asthma control 
was used as the primary outcome measure. Therefore, the 
trial may not allow definite conclusions on the impact of 
this intervention on the cost of asthma treatment. Hence, 
we will apply appropriate decision-analytic modelling tech- 
niques to simulate the anticipated benefits of improved ad- 
herence. Such a model needs to relate the different levels 
of exposure to ICS to levels of asthma control. A model 
like that allows extensive sensitivity analyses on both clin- 
ical outcomes and costs that are attributed to each level of 
adherence. 

Conclusion 

RTMM with text-message reminders has the potential to 
support non-adherent patients in improving their asthma 
(self)management and in achieving better asthma control 
and better quality of life. RTMM could also provide physi- 
cians with the right information to treat patients who have 
poorly controlled asthma despite ICS therapy. Additional 
evidence on the (cost) effectiveness of this innovative ad- 
herence improving strategy would contribute to making it 
available for use in daily clinical practice. 

Competing interests 

The authors declare that they have no competing interests, other than 
mentioned under 'Acknowledgements and funding'. 



Autliors' contributions 

EV (coordinating investigator) and BW (study monitor) coordinated the study 
start-up and data collection in the participating hospitals. EV also 
participated in obtaining the GlaxoSmithKline grant and managed the 
medical ethics approval. HJ, IVIR, LD and AV and RG participated in the study 
design and in the e-MATIC study group. PB (primary investigator) designed 
the study, initiated the ZonMw and GSK grant request and supervises the 
multicenter study. MR designed and carries responsibility for the cost- 
effectiveness part of the study. EV and PB wrote the manuscript; all other co- 
authors commented on previous versions of the manuscript and agreed 
with the final content The study was supervised by the e-MATIC study 
group, which participated in every phase of the study. The e-MATIC study 
group was responsible for supervising the study design, collection of data 
and writing of the manuscript All authors read and approved the final 
manuscript 

Authors' information 

e-Matic Study group 

• N. Dahhan, Academic Medical Center/Emma Children's Hospital, 
Department of Paediatrics, Amsterdam, The Netherlands 

• B.H.M. Wolf St Lucas Andreas Hospital, Department of Paediatrics, 
Amsterdam, The Netherlands 

• K.E. van Boven, Academic Medical Center/ Emma Children's Hospital, 
Department of Paediatrics, Amsterdam, The Netherlands 

• E.I.M. Blankman, BovenlJ Hospital, Department of Paediatrics, Amsterdam, 
The Netherlands 

• M. Veenstra, Groene Hart Ziekenhuis and Zorg Brug, Department of 
Paediatrics, Gouda, The Netherlands 

• E.G.A. Versteegh, Groene Hart Ziekenhuis, Department of Paediatrics, 
Gouda, The Netherlands. 

Acl(nowledgements 

The study is supported by a non-conditional grant from The Netherlands 
Organisation for Health Research and Development (ZonMw, grand 
registration number 171 101005). The study is also partially sponsored by the 
pharmaceutical company GlaxoSmithKline. The manufacturer of the RTMM- 
devices, Evalan BV, partially sponsors the study by providing devices at cost 
price. Both ZonMw, GlaxoSmithKline and Evalan BV do not have any role in 
the study design, nor in the data collection, data analysis, data interpretation 
or in writing this manuscript. 

Author details 

^Department of Hospital Pharmacy, Erasmus Medical Center, Nc-212, P.O. Box 
2040, Rotterdam, CA 3000, The Netherlands. ^Department of Hospital 
Pharmacy, Groene Hart Ziekenhuis, B1.43, Bleulandweg 10, Gouda, HH 2803, 
The Netherlands. ^Department of Paediatrics, div. Paediatric Respiratory 
Medicine, Erasmus Medical Center/Sophia Childrens Hospital, Room Sp3456, 
P.O. Box 2060, Rotterdam, CB 3000, The Netherlands, ''institute for Medical 
Technology Assessment / Institute of Health Policy and Management, 
Erasmus University Rotterdam, P.O. Box 1738, Rotterdam, DR 3000, The 
Netherlands. ^NIVEL, P.O. Box 1568, Utrecht, BN 3500, The Netherlands. 

Received: 5 February 2013 Accepted: 8 March 2013 
Published: 21 March 2013 

References 

1. Masoli M, Fabian D, Holt S, Beasley R, Global Initiative for Asthma P: The 
global burden of asthma: executive summary of the GINA dissemination 
committee report. Allergy 2004, 59(5)469-478. 

2. GINA: Global strategy for asthma management and prevention, http:// 
www.ginasthma.org/uploads/u5ers/flles/GINA_Report_201 2.pdf viewed on 
25th December. 2012. 

3. Andersen HR: International correlations between indicators of 
prevalence, hospital admissions and mortality for asthma in children. 
Int J Epidemiol 2008, 37(3):573-582. 

4. van Gent R, van Essen IE, Rovers MM, Kimpen JL, van der Ent CK, de Meer 
G: Quality of life in children with undiagnosed and diagnosed asthma. 
Eur J Pedlatr 2007, 1 66(8):843-848. 

5. Bahadori K, Doyle-Waters MM, Marra C, Lynd L, Alasaly K, Swiston J, 
FitzGerald JM: Economic burden of asthma: a systematic review. 
BMC Pulm Med 2009, 9:24. 



Vasbinder ef al. BMC Medical Informatics and Decision Making 2013, 13:: 
http://www.biomedcentral.com/1472-6947/13/38 



6. Penza-Clyve SM, Mansell C, McQuaid EL: Why don't children tal<e their 
asthma medications? A qualitative analysis of children's perspectives on 
adherence. J /Isfhma 2004, 41(2):189-197. 

7. van Gent R, van Essen-Zandvliet EE, Klijn P, Brackel HJ, Kimpen JL, van Der 
Ent CK: Participation in daily life of children with asthma. J Asthma 2008, 
45{9):807-813. 

8. Hammer SC, Robroeks CM, van Rij C, Heynens J, Droog R, Jobsis Q, Hendriks 
HJ, Dompeling E Actual asthma control in a paediatric outpatient clinic 
population: do patients perceive their actual level of control? 

Pediatr Allergy Immunol 2008, 19(7):626-633. 

9. Drotar D, Bonner MS: Influences on adherence to pediatric asthma 
treatment: a review of correlates and predictors. J Dev Behav Pediatr 2009, 
30(5):574-582. 

10. Jentzsch NS, Camargos P, Sarinho ES, Bousquet J: Adherence rate to 
beclomethasone dipropionate and the level of asthma control. 
Respir Med 201 2, 1 06{3):338-343. 

11. Sabete E Adherence to long-term therapies - evidence for action. 
World Health Organisation 2003, 7:48-49. 

12. Apter AJ, Boston RC, George M, Norfleet AL, Tenhave T, Coyne JC, Birck K, 
Reisine ST, Cucchiara AJ, Feldman HI: Modifiable barriers to adherence to 
inhaled steroids among adults with asthma: it's not just black and white. 
J Allergy Clin Immunol 2003, 1 1 1 (6):1 21 9-1 226. 

13. Bender B, Wamboldt FS, OConnor SL, Rand C, Szefler S, Milgrom H, 
Wamboldt MZ: Measurement of children's asthma medication adherence 
by self report, mother report, canister weight, and doser CT. Ann Allergy 
Asthma Immunol 2000, 85(5)416-421. 

14. Celano M, Geller RJ, Phillips KM, Ziman R: Treatment adherence among 
low-income children with asthma. J Pediatr Psychol 1998, 23(6):345-349. 

15. Vasbinder E, Dahhan N, Wolf B, Zoer J, Blankman E Bosman D, van Dijk L, 
van den Bemt P: The association of ethnicity with electronically 
measured adherence to inhaled corticosteroids in children. Eur J din 
Pharmacol 2012, 69(3):683-690. 

16. Bosley CM, Fosbury JA, Cochrane GM: The psychological factors associated 
with poor compliance with treatment in asthma. Eur Respir J 1995, 
8(6):899-904. 

17. Williams LK, Joseph CL, Peterson EL, Moon C, Xi H, Krajenta R, Johnson R, 
Wells K, Booza JC, Tunceli K, ef ai: Race-ethnicity, crime, and other factors 
associated with adherence to inhaled corticosteroids. J Allergy Clin 
Immunol 2007, 119(1):168-175. 

18. Boyd M, Lasserson TJ, McKean MC, Gibson PC, Ducharme FM, Haby M: 
Interventions for educating children who are at risk of asthma-related 
emergency department attendance. Cochrane Database Syst Rev 2009, 
2:CD001290. 

19. Smith JR, Mugford M, Holland R, Candy B, Noble MJ, Harrison BD, Koutantji 
M, Upton C, Harvey I: A systematic review to examine the impact of 
psycho-educational interventions on health outcomes and costs in 
adults and children with difficult asthma. Hea/th Technoi Assess 2005, 
9(23):iii-iv 1-167. 

20. van Dulmen S, Sluijs E, van Dijk L, de Ridder D, Heerdink R, Bensing J: 
Patient adherence to medical treatment: a review of reviews. BMC Health 

Serv Res 2007, 7:55. 

21. Chapman KR, Walker L, Cluley S, Fabbri L: Improving patient compliance 
with asthma therapy. Respir Med 2000, 94(l):2-9. 

22. Van Gaalen JL, Hashimoto S, Sont JK: Telemanagement in asthma: an 
innovative and effective approach. Curr Opin Allergy din Immunol 2012, 
12(3):235-240. 

23. Linn AJ, Vervloet M, van Dijk L, Smit EG, Van Weert JC: Effects of eHealth 
interventions on medication adherence: a systematic review of the 
literature. J Med internet Res 2011, 13(4)el03. 

24 Vervloet M, Linn AJ, van Weert JC, de Bakker DH, Bouvy ML, van Dijk L The 
effectiveness of interventions using electronic reminders to improve 
adherence to chronic medication: a systematic review of the literature. 
J Am Med inform Assoc 2012, 1 9{5):696-704. 

25. McClure LA, Harrington KF, Graham H, Gerald LB: Internet-based 
monitoring of asthma symptoms, peak flow meter readings, and 
absence data in a school-based clinical trial, din Trials 2008, 5(l):31-37. 

26. Charles T Quinn D, Weatherall M, Aldington S, Beasley R Holt S: An audiovisual 
reminder function improves adherence with inhaled corticosteroid therapy in 
asthma. J Allergy Clin Immunol 2007, 1 1 9{4):81 1-816 

27. Cocosila M, Archer N: A framework for mobile healthcare answers to 
chronically ill outpatient non-adherence, inform Prim Care 2005, 13(2):145-152. 



Page 9 of 10 



28. Wroe AL: Intentional and unintentional nonadherence: a study of 
decision making. J Behav Med 2002, 25(4):355-372. 

29. Krishna S, Boren SA, Balas FA: Healthcare via cell phones: a systematic 
review. Teiemed J E Health 2009, 15(3):23 1-240. 

30. Fjeldsoe BS, Marshall AL, Miller YD: Behavior change interventions 
delivered by mobile telephone short-message service. Am J Prev Med 
2009, 36{2):165-173. 

31. Kim SI, Kim HS: Effectiveness of mobile and internet intervention in 
patients with obese type 2 diabetes. Int J Med Inform 2008, 77{6):399-404. 

32. Hurling R, Catt M, Boni MD, Fairley BW, Hurst J, Murray P, Richardson A, 
Sodhi JS: Using internet and mobile phone technology to deliver an 
automated physical activity program: randomized controlled trial. J Med 
internet Res 2007, 9(2):e7. 

33. Rodgers A, Corbett T, Bramley D, Riddell T Wills M, Lin RB, Jones M: Do u 
smoke after txt? Results of a randomised trial of smoking cessation 
using mobile phone text messaging. Tob Control 2005, 14(4):255-261. 

34. Riley W, Obermayer J, Jean-Mary J: Internet and mobile phone text messaging 
intervention for college smokers. J /Im Coli Health 2008, 57(2):245-248. 

35. Franklin VL, Waller A, Pagliari C, Greene SA: A randomized controlled trial 
of sweet talk, a text-messaging system to support young people with 
diabetes. Diabet Med 2006, 23(1 2):1 332-1 338. 

36. Strandbygaard U, Thomsen SF, Backer V: A daily SMS reminder increases 
adherence to asthma treatment: a three-month follow-up study. 
Respir Med 2010, 104(2):166-171. 

37. Riekert K, Rand C: Electronic monitoring of medication adherence: when 
is high-tech best? J Clin Psychol Med Settings 2002, 9:25-34. 

38. Rosen Ml, Rigsby MO, Salahi JT, Ryan CE, Cramer JA: Electronic monitoring 
and counseling to improve medication adherence. Behav Res Ther 2004, 
42(4):409-422. 

39. Vervloet M, van Dijk L, Santen-Reestman J, van Vlijmen B, van Wingerden P, 
Bouvy ML, de Bakker DH: SMS reminders improve adherence to oral 
medication in type 2 diabetes patients who are real time electronically 
monitored, int J Med inform 2012, 81(9):594-604 

40. Hermanides H, Gerstenbiuth I, Winkei C, Wolf F, Duits A: Preliminary results of 
real time adherence monitoring in HiV-l -Infected individuals treated in a 
Caribbean setting. The Bahamas: Caribean HIV conference; 201 1 . 

41 . Liu AH, Zeiger R, Sorkness C, Mahr T, Ostrom N, Burgess S, Rosenzweig JC, 
Manjunath R: Development and cross-sectional validation of the childhood 
asthma control test. J Allergy din Immunol 2007, 1 1 9(4):81 7-825. 

42. Schatz M, Sorkness CA, Li JT Marcus P, Murray JJ, Nathan RA, Kosinski M, 
Pendergraft TB, Jhingran P: Asthma control test: reliability, validity, and 
responsiveness in patients not previously followed by asthma specialists. 
J Allergy Clin Immunol 2006, 1 1 7(3):549-556. 

43. de Klerk E, van der Heijde D, Landewe R, van der Tempel H, Urquhart J, van 
der Linden S: Patient compliance in rheumatoid arthritis, polymyalgia 
rheumatica, and gout. J Rheumatol 2003, 30(l):44-54. 

44. Schroeder K, Fahey T, Hay AD, Montgomery A, Peters TJ: Adherence to 
antihypertensive medication assessed by self-report was associated with 
electronic monitoring compliance. J din Epidemiol 2006, 59(6):650-651 . 

45. Maitland D, Jackson A, Osorio J, Mandalia S, Gazzard BG, Moyle GJ, Epivir- 
Ziagen Switch Study T: Switching from twice-daily abacavir and 
lamivudine to the once-daily fixed-dose combination tablet of abacavir 
and lamivudine improves patient adherence and satisfaction with 
therapy. HiV Med 2008, 9{8):667-672. 

46. Zeller A, Ramseier E, Teagtmeyer A, Battegay E: Patients' self-reported 
adherence to cardiovascular medication using electronic monitors as 
comparators. Hypertens Res 2008, 31(1 1):2037-2043. 

47. Koster ES, Raaijmakers JA, Vijverberg SJ, Koenderman L, Postma DS, 
Koppelman GH, van der Ent CK, Maitland-van der Zee AH: Limited 
agreement between current and long-term asthma control in children: 
the PACMAN cohort study. Pediatr Aiiergy Immunol 201 1, 22(8):776-783. 

48. Schatz M, Kosinski M, Yarlas AS, Hanlon J, Watson ME Jhingran P: The 
minimally important difference of the asthma control test. J Aiiergy Clin 
Immunol 2009, 124(4):719-723. e71 1. 

49. Raat H, Bueving HJ, de Jongste JC, Grol MH, Juniper EF, van der Wouden JC: 
Responsiveness, longitudinal- and cross-sectional construct validity of 
the pediatric asthma quality of life questionnaire (PAQLQ) in dutch 
children with asthma. Qual Ufe Res 2005, 14(l):265-272. 

50. Juniper EF, Guyatt GH, Willan A, Griffith LE: Determining a minimal 
important change in a disease-specific quality of life questionnaire. J Clin 
Epidemiol mA, 47(l):81-87. 



Vasbinder ef al. BMC Medical Informatics and Decision Making 2013, 13:38 
http://www.biomedcentral.com/1472-6947/13/38 



Page 10 of 10 



52. 



53. 



54. 



55. 



56. 



57. 



58. 



59. 



60. 



62. 



63. 



64. 



65. 



66. 



67. 



Home R, Weinman J, Hankins M: The beliefs about medicines 
questionnaire: the development and evaluation of a new method for 
assessing the cognitive representation of medication. Psychol Health 
1999, 14:1-24. 

Home R, Weinman J: Patients' beliefs about prescribed medicines and 
their role in adherence to treatment in chronic physical illness. 

JPsychosom Res 1999, 47(6):555-567. 

Underhii! C, Oimsted MG: An experimental comparison of computer- 
mediated and face-to-face focus groups. Soc Scl Comput Rev 2003, 
21{4):506. 

Tates K, Zwaanswijk M, Otten R, van Dulmen S, Hoogerbrugge PIVI, Kamps 
WA, Sensing JM: Online focus groups as a tool to collect data in hard-to 
-include populations: examples from paediatric oncology. SMC Med Res 

Methodol 2009, 9:15. 

Fenerty SD, West C, Davis SA, Kaplan SG, Feldman SR: The effect of 
reminder systems on patients' adherence to treatment. Patient Prefer 
Adherence 20M, 6:127-135. 

McKenney JM, Munroe WP, Wright JT Jr: Impact of an electronic 
medication compliance aid on long-term blood pressure control. J Clin 
Pharmacol 1992, 32(3):277-283. 

Janz NK, Becker MH: The health belief model: a decade later. Health Educ 
0 1984 11(l):l-47. 

Mancuso CA, Sayles W, Allegrante JP: Knowledge, attitude, and self- 
efficacy in asthma self-management and quality of life. J Asthma 2010, 
47(8):883-888. 

Apter AJ, Tor M, Feldman HI: Testing the reliability of old and new 
features of a new electronic monitor for metered dose inhalers. 

Ann Allergy Asthma Immunol 2001, 86(4)421-424. 

O'Connor SL, Bender BG, Gavin-Devitt LA, Wamboldt MZ, Milgrom H, Szefler 
S, Rand C, Wamboldt FS: Measuring adherence with the doser CT in 
children with asthma. J Asthma 2004, 41 (6):663-670. 
Milgrom H, Bender B, Ackerson L, Bowr/ P, Smith B, Rand C: 
Noncompliance and treatment failure in children with asthma. J Allergy 
Clin Immunol 1996, 98(6 Pt 1):1051-1057. 

Burgess SW, Sly PD, Morawska A, Devadason SG: Assessing adherence and 
factors associated with adherence in young children with asthma. 

Respirology 2008, 13(4):559-563. 

Rubio A, Cox C, Weintraub M: Prediction of diltiazem plasma 
concentration curves from limited measurements using compliance 
data. Clin Pharmacokinet 1 992, 22(3):238-246. 

Girard P, Sheiner LB, Kastrissios H, Blaschke TF: Do we need full compliance 
data for population pharmacokinetic analysis? J Pharmacokinet Biopharm 
1996, 24(3):265-282. 

Vrijens B, Goetghebeur E: The impact of compliance in pharmacokinetic 
studies. Stat Methods Med Res 1999, 8(3):247-262. 
Vrijens B, Tousset E, Rode R, Bertz R, Mayer S, Urquiiart J: Successful 
projection of the time course of drug concentration in plasma during a 
1-year period from electronically compiled dosing-time data used as 
input to individually parameterized pharmacokinetic models. J C//n 
Pharmacol 2005, 45(4):461-467. 

Giraud V, Roche N: Misuse of corticosteroid metered-dose inhaler is 
associated with decreased asthma stability. Eur Respir J 2002, 19(2):246-251 . 



doi:l 0.1 1 86/1 472-6947-1 3-38 

Cite this article as: Vasbinder et al: e-Monitoring of Asthma Therapy to 
Improve Compliance in children using a real-time medication 
monitoring system (RTIWM): 

the e-MATIC study protocol. SMC IVIedical Informatics and Decision Making 
2013 13:38. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



